Biosynthesis of hibarimicin was studied based on the feeding experiments with 13C labeled acetates. All carbons in the aglycon, except for the methoxy carbons, were derived from acetate. The carbon framework of the aglycon was proved to be constructed by dimerization of an intermediate which was biosynthesized via the decarboxylation and skeltal rearrangement starting from an undecaketide. The rearrangement was confirmed by detecting the long range (three-bond) coupling between two carbons in the difference spectra of selective 13C decoupled INADEQUATE of hibarimicin B labeled with sodium [1,2-13C2] acetate.
Biosynthesis of hibarimicin was studied based on the feeding experiments with 13C labeled acetates. All carbons in the aglycon, except for the methoxy carbons, were derived from acetate. The carbon framework of the aglycon was proved to be constructed by dimerization of an intermediate which was biosynthesized via the decarboxylation and skeltal rearrangement starting from an undecaketide. The rearrangement was confirmed by detecting the long range (three-bond) coupling between two carbons in the difference spectra of selective 13C decoupled INADEQUATE of hibarimicin B labeled with sodium [1,2-13C2] acetate.
Some kinds of protein kinases and phosphatases are important target enzymes for cancer chemotherapy. In the screening program of protein tyrosine kinase (PTK) inhibitors, we found hibarimicins in the culture broth of an actinomycete Microbispora rosea subsp. hibaria TP-A01211,2). Hibarimicins A, B, C, D and G specifically inhibit PTK but show little effect on protein kinases A (PKA) and C (PKC). They also show moderate inihibitory activity against Gram-positive bacteria and potent cytotoxicity against B16-F10 (murine malanoma) and HCT-116 (human colon carcinoma)1). Hibarimicin is structurally consisting of five or six deoxyhexoses and a common aglycon which has eight condensed rings with two n-propyl side chains. The aglycon is pseudo-symmetrical and the chromophore is a highly oxidized naphthylnaphthoquinone (Fig. 1) .
This study was attempted to elucidate the biosynthetic pathway of hibarimicins using 13C labeled precursors in order to obtain the biologically active minimum fragment from the biosynthetic intermediates.
Materials and Methods
Fermentation and Feeding Experiment A loopful of a mature slant culture of Microbispora rosea subsp. hibaria TP-A0121 was inoculated into a 500-ml K-1 flask containing 100ml of the seed medium consisting of soluble starch (Wako Chemical Co.) 1.0%, glucose 0.5%, NMR 13C -NMR spectra were measured in 12CDCl3 at 100MHz and 67.8MHz on JEOL JNM-GX400 and GX270 spectrometers, respectively. Pulse sequence of the difference spectrum of selective 13C decoupled 1D- mode to suppress NOE and the pulse interval time was set at 60 seconds. The relative peak intensities of all carbons were determined by normalizing the average area of the three methoxy carbons attached to C-3, C-3' and C-4 as 1.0 (Table 1) . Assignment of 13C signals was accomplished by following our previous report2).
The histograms for the relative signal areas of hibarimicin B labeled with [1-13C] or [2-13C] acetate showed two groups of peaks ( Fig. 2) : one of them centered histogram for non-labeled hibarimicin showed one peak centered around 1.0. There was no carbon whose signal area was 1.3 in any cases. We judged that the carbon atoms whose relative intensity was larger than 1.4 were derived from the labeled precursor. For some carbons, the signal intensities could not be measured directly due to peak Intensity of each carbon was calculated by dividing equally since it was obvious that the both carbons were arising from the common precursor. In addition, the signal of C-AT3 and C-AT3' was overlapped with that of C-8. The combined area intensity of these carbons was not enhanced by feeding [1-13C] acetate (the sum of intensity was 2.7). Individual intensities were thus obtained by dividing the signal area equally. In case of the feeding experiment of [2-13C] acetate, the corresponding combined intensity was 3.5, and we concluded that C-8 was enriched but C-AT3 and C-AT3'
were not. Thus, the intensities of C-AT3, C-AT3' and C-8 were determined as ca. (Fig. 3) . This symmetric carbon framework indicates that the aglycon is constructed through the oxidative dimerization of the half fragments at C-2 and C-2'. Similar dimeric compounds can be seen in fungal and plant metabolites such as xanthomegnin3) and stipandrol4). Irregular distribution of the labeled carbons was observed in A, B, G and H rings. Although C-14 and C-15 were derived from the carbonyl and methyl carbons of acetate, respectively, and directly bonded each other (Fig. 3), the one-bond 13C-13C coupling was not observed between them. This was also the case of C-14' and C-15'.
In addition, C-10 and C-10' were derived from the methyl carbon of acetate but there was no carbon directly coupled to them. To explain these observations, we hypothesized that C-10 and C-15 were derived from a single acetate molecule and an extra carboxyl carbon was originally attached to C-14. As shown in Fig. 4 , it was speculated that the half fragment was biosynthesized from an undecaketide through the decarboxylation of the extra carbon and the rearrangement around C-10 and C-15: formation of
To testify this assumption, we examined the detection of three-bond couplings, 3JC10,C15 and 3JC10',C15', in the compound labeled with [1,2-13C2] acetate. In the long-range 2D-INADEQUATE experiments, no such couplings were detected due to the peak overlapping and low sensitivity.
Consequently, detection of the long-range coupling was achieved by obtaining the difference spectra of selective 13C decoupled 1D-INADEQUATE (Fig. 5) . This experiment was designed to detect only the carbons coupled with the irradiated carbon. C-10, C-10', C-15 and C-15' were selectively irradiated during the second evolution time (1/4J=35ms) of the first INADEQUATE pulse sequence followed by the second INADEQUATE sequence in which the phase of the reading pulse was inverted to the first one (see Materials and Methods). In this experiment, only C-15 or C-15' gave clear doublet signals (4Hz) when C-10 or C-10' were irradiated, respectively. Although the irradiation of C-15 and C-15' gave the signals due to C-10 and C-10', they could not be distinguished from the solvent signals.
These results confirmed that C-10 and C-15 and also C-10' and C-15' were derived from a single acetate unit, suggesting that the half fragment was originated from an undecaketide chain.
In conclusion, the aglycon of hibarimicin was shown to be biosynthesized through the polyketide pathway. It was suggested that the carbon framework of aglycon was constructed by dimerization of the half fragments which was generated via the decarboxylation and skeltal rearrangement starting from an undecaketide. Further study on the biosynthetic pathway is described in the following paper5). 
